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, ^ , a corporation 

organized under the laws of the State of New 
Jersey, United States of America, of 1608, 
WaJmit Street, Philadelphia, Pennsylvania, 
United States of Anaerica, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and the method by 
which it 18 to be performed, to be particularly 
described in and by the following statement : — 
This invention relates to the production of 
hydrocarbons from wells and more particularly 
is directed to method and means for producing 
well fluids fran a plurality of formations pene- 
trated by a well. 

In well drilling practice a single well may 
traverse a plurality of formations vvbich con- 
tain oil or gas. It is often desirable in such 
cases to complete the well for simultaneous 
production for more than one of the forma- 
tions penetrated. The conventional procedure 
for A)ing this is to cffea a dual completion 
and flow from a lower formation dbron^ the 
well tabing while flowing from a higher forma- 
tion through the annulus brtween the tubing 
and casing. Chokes art provided at the wi^ll 
head for separately regulating the rates of flow 
of the two streams to conform to the allowable 
production rates for each zone. 

The foregoing method of dually completing 
a well is unsatxsfactoiy for several reasons. 
Ptoducrion through the annulus is hazardous 
due to the faa that the flnid stream tends to 
cause corrosion and erosion of the casing, 
thereby allowing the possibility of a blow-cnit 
or subterranean loss of hydrocarbons to an 
upper formation. Also, when it beconaes necca- 
sary to utilire gas lift to effect flow from the 
formations, the gas lift can be applied for only 
one zone at a rime and that only m an hieffi- 
dent manner; and consequently both produc- 
tion strata cannot be depleted simultaneously. 
In many cases this results in large quantities 
of otherwise recoverable oil being left in the 
reservoirs. A further unsatisfactory conditian 



anscs when the annuhis well begins to produce 
salt water. Due to inefficient flow in the 
annulus, salt water accumulates therein and 
Aus loads the well and stops the oil flow, 
ftodttcuon from that zone then is generally 
abandoned. Later attempts to produce from 
aich zone after the other zone has become 
deleted often fail to restore the production, 
btill anooier drawback in conventional dual 
coiE^lctions results from paraffin accumulations 
in die annulus which are diflScuk to remove. 

An object of the present invention is to pro- 
vide means for completing a weU for amul- 
taneous production from two or more zones 
while avoiding the disadvantages of convcn- 
OOTial dual completions such as those described 
above. StiU another objea is to provide means 
and mcdiod for multiple zone production from 
a wdl through the well tubing under conditions 
sudx that flow from a zone of relatively high 
pressure can be utilized to effect or aid the 
flow from one or more zones in which the 
pressure is too low normally to permit the 
deared r^ of flaw therefrom. 

Operation of a well according to the inven- 
tion involves the use of one or more flow 
control devices, hereinafter described, which 
are positioned in the weU tubing adjacent the 
production formations. Fluids from the fonna- 
nons paw as separate streams through the flow 
wntrol devices and thereafter commingle in 
it^^"^^ and flow from the tubing at the 
well head as a single scream. The flow control 
devices contain choke means which cause a 
fluid stream from a zone of high pressure to 
undergo a sharp pressure drop prior to com- 
nainghng with another stream. The resulting 
prcreure reduction causes or facilitates the flow 
of fluids from one or more of the zones of 
relatively low pressure. By operating in tiiis 
manner oil from a high pressure zone wiU 
release sohition gas as the pressure is reduced 
and ^ lifting effect of the released gas and 
any free ^s ah«ady present in the oa stream 



45 



50 



55 



60 



65 



70 



75 



80 



85 



BEST AVAILABLE COPY 



851,096 



can be utilized to dfcct or aid the flow fconft 
at least one of the other zones. Production can 
be secured from any desired nmnber of f oma- 
tions amukaneonsly, even though flow fran 
5 some of them notmaUy would not be omained 
from a singjc completion well m wch f onna- 

^°The inventioii is more specifically described 
with reference to the accompanying drawings 

10 in which: ^ . , • * 

Fig 1 is a sin^Jlified cross-secuonal view oi 
a well in which one type of the flow control 
device has been used for completmg the weU 
to produce from an upper zone through ports 
15 in file tube and ftom a lower zone through the 
bottom end of the tubing. 

Figa. 2— A and 2— taken together, con- 
stitute Fig. 2 which is an etevadonal cross- 
secuOTal view illustrating in detail a form of 
20 flow control device. ^ . 

Figs. 3, 4, 5 and 6 are cross-sectional views 
of the device of Fig. 2 taken on the lines 3—3, 
4^, 5—5 and 6-6, relatively. 
Fig. 7 is ft schematic illustraaon of a wcU 
25 traversing two productiDn zones and in which 
another form of flow control device is em- 

^^^¥^ 8 is an devatianal aoss-secdonal view 
iUustratnig in more detail the flow conttd 
30 device Aownm Fig. 7. 

Fig. 9 is a schematic illustration of a wed 
traversing two production zcxnes the upper of 
whidi has insufficient pressure to permit now 
into the weU tubing and which has been pro- 
35 vidcd widJ means for intennittently f orcmg oU 
from the upper zone into the tubing. 

Fig. 10 is a schematic illustration of a well 
completed for production from two zones in 
whidi means arc provided for introduong 
40 from the surface to aid in lifting the mixed 
streams of oil in the tubing. 

Referring now to Fig. 1, a well is shoTO 
which has a casing 10 which has been cemented 
in place in the usual manner by cement body 
4S 11 The weE traverses two production zones, 
iUuBtrated as Zones A and B, whidi may be 
either gas or oil formations- The casmg has 
been perforated for production f roni both zones, 
as illustrated by perforations 12 adjacent vppet 
40 Zone A and perforations 13 adjacent Ixmet 
Zone B. A tubmg string 14 is posiuoncd in 
the casing and tite annuhis therebetween is 
closed ofl near the bottom of the tubing by 
means of packer 9. The tubing carries a land- 
§S ing nipple 15 adapted to iccewe the flow 
control device which is held in position by 
means of conventional latches 16 provided at 
the top of die device. The landing nipple is 
positioned acflacent Zone A and contains ports 
60 17 for receiving flind from die fwrnatioii. 

The flow control device, which is positioned 
m the hmding nippk in conventional manner 
by means of a wire Hne, comprises a cylindrical 
housing 18 which forms an annulus 19 with the 
65 landing n^Ie, and which contains ports 20 



for passage of fluid from Zone A. Packing 
means 21 positioned above and bdow the pom 
17 and 20 prevent fluid flow along the annuhis 
19 and requite the fluid to flow through per- 
foiarions 20 in the honsmg. The bousmg con- 70 

tarns a baffle member 34 which forms an 
annular upwardly extending flow ctoimel 2Z 
that leads to a port 23 in transverse baffle 24, 
A resilient check valve member having a c^- 
lar edge 25 is provided in flow ch^el 22 73 
to prevent backflow of fluid toward Zone A. 
Any downward flow of fluid from port 23 
causes edge 25 of the valve to move outwardly 
agamst the edge of the housing wall at 26 and 
close the annular channel, thus prcvcntrng w 
downward flow. The dicck valve should be con- 
structed of a tough material, such as neoprene, 
which is unaffected by weU fluids and whidi 
has sufficient flexibility for movement of ttc 
edge 25 against the valve seat 26. 85 

The transvci^e baffle 24 contains a second 
port 27 whidi is dircaded for receiving a choke 
2% that serves to regulate the flow from the 
lower Zone B. Port 23 also may be threaded 
for receiving a choke (not shown) m caKs 90 
where the pressure in Zone A is high. Baffle 
24 has a cylindrical extension 29 posiuoned 
inside baffle 34 and '^O'' rings 30 are pro- 
vided for sealing the annulus therebetween. 
Extension 29 thus forms a passageway Icadmg 95 
to port 27 and choke 28, 

In a lower part of housing 18 another b^le 
31 is positioned to form an annular flow 
channel 32, and another resilient chedt valve 
33 is provided in the channel to prevent back- 100 
flow of fluid toward the lower Zone B. 

It may be seen that the device as above 
described provides two separate flow chMmeh 
for the fluids from the two formations, whidi 
channels terminate adjacent each other in the 105 
weU tubing at which point the flowing fluids 
mix with each other. The device also has the 
important feature of providing throttling mc^ 
(Le., one or more chokes) for reducing the 
pressure fd ettiicr or both fluids prior to their 110 
admudng. It ftirther indodes means for pre- 
venting backflow to dther formation so that 
fluid from one formation in no case can flow 
to and enter the other f onnation. 

For the purpose of iflustrating advantages 115 
of the present invention, assume that Zone B 
of Fig- 1 is a h^gh pressure oil zone but that 
Zone Ahas a piessure which is too low to over- 
come tiie hydrostatic head in tiic wcU and 
hence would not normally flow. The device of 120 
Fig, 1 can be employed so as to utilize the 
fluid flow from Zone B to cause flow from 
Zone A. A choke 28 havmg an opening of 
appropriate size to secure the allowable rate 
of flow from the lower zone is placed in port 125 
27. Flow ftom the lower formation is then 
begun. The sharp pressure reduction resulting 
from passage of the fluid tiurough dioke 28 
causes fluid from the low pressure zone to 
flow through the control device and issue from 13C 



851,096 



10 



15 



20 



50 



35 



40 



45 



50 



60 



65 



port 23. The two streams then mix and the 
mixture flows upwardly in the tubing. When 
Zone B is an oil formation, the sharp pressure 
drop at the choke causes solution gas to be 
released and the released gas and any free gas 
already present in the oil stream provides a 
hfting action which aids the flow of the mixed 
streams. When Zone B is a gas formation, 
hfting of oil from Zone A likewise is effected 
Control of the rate of flow from the upper 
zone can best be achieved by itgulating the 
piwsure of the flowing stream at the well head, 
which generally can be done without substan- 
tially afieciing the flow rate from the high 
Messue formation. Akcmatively, control of 
the rate of flow from the upper zone can be 
effected by means of a choke of appropriate 
throat size in port 23. 

By empbying the device in the foregoing 
manner, production can be accompli^d from 
a "dead* zonca ie., a zone whidi has insuffi- 
cient pressure normally to overcome the 
hydrostatic head of the cohnnn of fluid in the 
welL The "dead" zone can be cither the upper 
or bwer zone and the device will work equally 
as well; provided that when it is the lower 
zone, it much have enough pressure to permit 
its fluid to rise to the level of the control 
device. 

In one particularly useful embodiment of the 
invention, a gas sand penetrated by a "dead" 
well, which initially was a single completion 
well in an oil zone, can be utOized to flow oU 
from tht oil zone. One or more gas sands 
commonly are available in single completion 
oil wdls. When the reservoir pressure has 
dropped enough that the desired rate of oil 
flow cannot be maintained, a control device 
such as that shown in Fig. 1 can be placed in 
the wdl to obtain a flow of gas from the gas 
sand into the well tubing. The gas sand can 
be one which is either above or below the oil 
sand Gas can be admitted to the tubing 
through a choke of the proper size to obtain 
a gas rate that will effect the desired lifting 
action on the oil column. Thus aiexgy derived 
from the gas reservoir can be utilized to secure 
the desired rate of flow from the "dead" oil 
formation. 

Referring now to Figs. 2 — 6, a more detailed 
form of flow control device is shown which is 
adapted to be andiored in a conventional land- 
ing nipple as described in connection with Fig. 
1. The device is landed in a nipple 40 having 
side ports 41 for entrance of well fluid from 
the formation adjacent to which the device is 
anchored An elongated assembly 46, which 
projcas through the bottom of nipple 40 as 
shown at 42, provides a channel for i5)ward 
flow of fluid entering side ports 41 and a 
separate channel for flow of fluid from one or 
more lower production zones which fluid enters 
through longinidinal ports 43 at the bottom. 
Packing members 48 are provided above and 
below side ports 41 to seal off the annulus 



beween landing nipple 40 and assembly 46 
Pom 43 at the bottom lead to a single flow 
zone 44 m which is positioned a lesiHcnt check 
valve member 45 adapted to prevtm downward 
flow of flmd. Above flow zone 44 a replace- 
able choke 49 having tiiroat 50 is positiraed 
for controUmg the rate of flow of fluid derived 
iroin the lower formation. From the choke 49 
^e flow channel leads through central channel 
^1 and offset channel 52 which leads to a 
common passageway 53. 

The separate flow channel for the fluid 
entermg through side ports 41 includes ports 

cnannel 55 thcrcm and a communicating lonm- 
tudmal channel 56 which terminates at the 
common passageway 53 leading to die upper 
part of the wdl tubing. The end of ch^cl 
56 IS threaded, as indicated at 57, to receive 
a choke (not shown) in case it should be desir- 
able to control die flow rate of die stream at 
this point. A reaOient check valve mem'oer 58 
IS posiuoned in annular channel 55 to prevent 
ba^ow of fluid through side ports 41. 

Conventional latching means, indicated 
generally as 59, are provided at die top of the 
device shown in Fig. 2 for securing it in its 
landmg nijpple in a tubing string. This device 
rations m essentially the same manner as de- 
sau>ed m ccmnecrion with Fig. 1. One or more 
of sudi devices can be used at appropriate loca- 
tions m the wen tubmg for regulating or cfifecu 
ing flow from a plurality of formations con- 
tainmg oil and/or gas. 

Rrfcrrmg now to Fig. 7, a section of a weU 
IS indicated m which two devices of another 
form adapted to be seated in a side pocket 
mandrel are utilized for controlling the flow 
trom two separate production zones bcated 
aoove one or mote lower zones. The well 

A and B and a tubmg string 61 inside 
the casing. Adjacent the upper zone a side 
pocket mandrd 62 is positioned in the tubing 
1^^' ^ anotiier side pocket mandrel 62^ is 
^Ewise positioned adjacent die tower zone. 
Flow connrol tools 64 and 64^ of the type 
shown ui detaE in Fig. 8 are positioned in- the 
side pockets of die mandrels. The side pocket 

^n^-?^"""^?^ the aide of each twd are 
provided witii cooperatmg ports for flow of the 
ronnaaon fluids. Tools 64 and 64* have 
mtonal channels leadmgto choke ports throueh 
which die fluid p3to die tSbhig S 
Flow oonrsm die 1^ 120 
m Fig. 7. This weU assembly anangemcnt can 
be employed in the same manner as that of 
Fig. 1 for urilizmg a gas sand to effea oil 
flow from a "dead" zone 

While only two producing zones have been 
shown m Fig. 7, it should be understood diat 
this arraDgement can be used for any desired 
number of such zones. A control tool for each 
zone can be lowered in die weU oa a wire line 
and set m place by means of a kici-wer device 130 



70 



75 



80 



85 



90 



95 



100 



105 



110 



115 



125 



851,096 



knowa in the an. By bavmg the tools placed in 
the mandiel side pockets, die tiilnsg string 
remains open and a vi'ke line can be run to 
any dearol dqytb vnthout any necessity for 
5 previously removing tools placed above such 
depth. This is advantageous since it allows any 
tool to be puDcd from the well wiiirout disturb- 
ing any of the odiers. Thus any one of the 
prgductioa zones can be selectively addized, 
10 chemically treated or fractured without affect- 
ing any cf the other zones. For example, if it 
is desired to addize Zone B, control tool 64^ 
would be removed and add wotdd be pumped 
down the tubing and into the formation through 
15 the ports in the mandrel and casing. The 
dKck valve 72 (Fig. 8) in control tool 64 
would prevent add from reaching Zone A. 
likewise any desired formation can be selec- 
tivdy worked over or treated for sand control 
20 whhout removing the well tubing and without 
the possibility of dama^ng any other formation 
by mtiodudng drilling mud into the well as 
done in conventional practice. 
Fig. 8 illustrates tool 64 and mandrel 62 in 
25 more detaiL The mandrel contains a cjdindrical 
side podtet 63 a pordon of the left-hand edge 
of which merges into and is actually imegral 
with the mandrel walL The mandrel contains 
perforations 65 for admission of the formation 
30 fluid. Tool 64 comprises a housmg 66 having 
side ports 67 in fluid communication with the 
mandrel perforations. At the upper part of the 
housing larch means 68 and a pulling head 
69, each of conventional design, are provided. 
35 Sealing means 70 are provided above and 
below perforations 67 for sealing the annular 
space between the mandrel ade pocket 63 and 
housing 66. The housing provides a downflow 
diannd 71 in which is positicmed resilient 
40 check valve member 72 to prevent badrflow 
toward the formation. The channel terminates 
at the bottom of the tool in a choke 73 having 
throat 74 through v*ich the formation fluid 
issues into the tubing string. 
45 Referring bad; to Fig. 7, assume that Zone 
A is a high pressure oil zone and that Zaoc B 
is an oil zone having a low pressure such that 
it would not normally flow from a single com- 
pletion well. The pressure of Zone B.« however, 
50 u snffident to lift its fluid to the level of Zone 
A. It is assumed in this insEanoe that the well 
tubing is plugged off beneath Zone B. The 
arrangement ^own in Fig. 7 will permit pro- 
ductbn of oil from Zone B in addition to 



Zone A. Flow of the Zone A oil through the 55 
chd« in the bottom of the upper conaol tool 
results in a reduced pressure in the tubing at 
this point. Some of tiie gas in solution in the 
Zone A oil prior to reducing its pressure wfll 
come out of solution and thus aid in lifting the w 
Zone B oil to the top of the well. Thus a 
mixed stream of oil from the two zones can 
be withdrawn at the weU head. By having the 
proper choke size in the control tool adjacent 
Zone A, production from this zone at the » 
desired or allowable rate can be obtained. The 
rate of flow from the lower zone can readily 
be regulated by appropriatdy setting the 
pressure in line 75 at the well head by means 
of back pressure valve 76. Alternatively, such w 
rate can be controlled by having a choke of 
tiie proper size in the contrd tool adjacent the 
lower zone. 

The followmg is a specific illuscrauon of an 
embodiment of the present invention as it 75 
would be applied to a well which penetrated 
two oil sands at deptlis of 8536—8544 and 
8626—8629 feet, respccuvdy. The well had 
originally been dually completed in conven- 
tional manner for production from the upper 80 
25one through the annulus and from the lower 
zone through the tubing. The allowable pro- 
duction rates for the upper and lower zones 
were, re^ectivdy, 30 and 7 barrels per day. 
After producing in this manner for a period, «»' 
the wcE csased to flow from the iipp^ zone, 
due to a drop in its pressure. At that time the 
static bonom hole pressure for the upper zone 
was 2295 p.s.i.g. while tiie static and flowmg 
bottom hole pressures for the lower zone were W 
3577 and 3551 p.s.i.g. 

The present invention can be apphed to the 
above described well in the following manner 
to obtam production from the i^per zone. In 
the perforated landing nipple in the tubing 95 
adjacent the upper zone a control device of tiie 
type shown in Fig. 2 is located. The device 
contains a choke of the appropriate size for 
maintaining the rate of flow from the lower 
zone at 7 barrels per day. A back pressure 100 
regulator, such as shown in Fig. 7, is provided 
in the flow line from the well tubing to control 
the rate of production from the upper zone. 
Varying the bade pressure at the surface by 
means of the regidator will cause the flow rates 105 
from the two zones generally to approximate 
the following values: 



Suiface pressure. 



Rates, bbk per day 
Lower Zone Upper Zone 
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900 
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1500 
1600 
2500 

Thus, by regukting the pressure at the surface 
to a vahie slightly less than 1200 p.8a,g., the 
allowable production rates can readily be main- 
tamed. As production in this manner continues 
and the formation pressures drop, the desired 
rates of production can be maintained by 
decreasing the surface pressure by means of 
the regulator. 

Fig. 9 iUustrates a well which has been 
dually completed in Zodcs A and B in the 
manner of the present inyention and which is 
provided with means for admitting extraneous 
gas under pressure to the annulus between the 
casmg 80 and the well tubing 81. The annulus 
IB sealed between die two zones by means of a 
packer 82 and the tubing string contains a 
conmjl device, shown generally at 83, such as 
me device shown in detail in Figs. 2 — 6. Zone 
A IS a "dead" zone which has sufficient piessuie 
to cause the liquid to rise m the annulus to 
the level shown at 84 but msuffident to force 
the liquid through the control device into the 
well tubmg. At the weU head a gas supply 
Ime 85 rs provided whh a time contTolled gas 
mjectmg and venting device 86. This device 
alternately admits gas under pressure into the 
amiuUw and then vents the gas through line 
*^ causes an intennittcnt pumping of 
me oil from the annulus throi^ control device 
83 mto tile tubing. The fluid from high 
pressure Zone B then serves as the means for 
flowmg the annulus oil to the surface. Upon 
pasamg through the choke provided in camiol 
device 83, the Zone B oil releases solution gas 
and the released ggs aids in lifting the mixed 
oil streams through the tubing to the well head. 

Fig. 10 illustrates a well completed for pro- 
dumon from oil Zones A and B and provided 
with gas lifting means employing extraneous 
gas. This assembly can be utilized in cases 
where the wdl does not pass through a gas 
sand and neither zone has sufficient pressure 
to make a flowing well The weU comprises a 
casmg 90 perforated adjacent Zones A and B, 
a tubing string 91 carrying a control device 

92 ajch as that shown in Figs. a packer 

93 between Zcmes A and B and preferably a 
packer 94 above die upper zone although the 
latter packer is not essential. The tubing string 
has a side pocket mandrel 95 above the upper 
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packer which is adapted to carry in its side 
^device 96 for admitting gas to the 
wmg. The mandrel contains a port through 
Which gas can pass to the device 96. This 
towce can be a flow control device of the 
type described in connection with Fig. 8, with 
the dioke port 74 being sized to admit gas at 
tte demd rate to the tubing. Alternatively, 
dcwce 96 of Fig. 10 can be a conventional gS 
injection valve which is set to open when xht 
gas pressure m the annubs reaches a predcter- 
mmcd value. Gas is admitted to the top of 
the annulus througji conduit 97 under suffiaent 
^ssure to ^e the desired injection rate mto 
the tubmg This effects lifting of the mixed 
oU stre^ flowing iqmardiy from the control 
device 92 and aUows the nurture to flow from 
tlie well In cases where the weU tubing may 
t^d to load up with salt water, addition^ 
sidb pocket mandrels (not shown) can be pro- 
vidcd at Wgher kvels in the tobing striij 
Ihifl would permit unloadmg from a hi^r 
level and Aus avoid having to apply toohiffh 
a gas pressure within the casmg. Such manSrds 
nonnaUy would contain dummy valves anv of 
which could be replaced by a gas mjeoion 
device 96 on a wire line whenever it be^e 
desirable to gas lift from a hi^er level. 

The control devices described herein for 
^cctmg multiple completion of weDs for 
sunultaneous flow through the weU tubmg offer 
many advantages over conventional oil field 
practice. WeU assemblies provided m accord- 
ance with the invention avoid the danger of 
OTiTMion and erosion of the casing or eliminate 
the disadvantages of muhipk tubmg strings 
requirmg spcaahzed packers and well head 
equipment. The mvention permits efficient 
™taneous deplenon of any number of pro- 
duction formations through a single string of 
tubing. In conventional practice v^ere chokine 
nle^n ^^^^^t^ams from a muhiple con^ 
pletion weU IB done at the surface, plugging of 
the chokes often occurs due to paraffin dq^si. 
ttra or formation of gas hydrates. TwT is 
voided by the use of the present invention, 
fflnce the streams are choked within the control 
device adjacem the producing formation where 
tile temperature is elevated so that ncitiicr 
paraffin deposition nor hydrate f oimarion wiU 
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occur. Numerous other advaatagcs derived 
from the present invention wiU be apparent to 
persons skilled in the art. 
WHAT WE CLAIM IS:— _ 
5 1. A device adapted lo be posiaoned m wcu 
tubing adjacait an inkt pon thcrem fw con- 
trolling flow of fluids into the tubmg from a 
plurality of formations which comprises a 
housmg having, a side port for communicanMi 
10 with said inlet port, means carried by the 
housing for rraievably loddng the device adja- 
cent said inlet port in the tubmg, packmg 
means for closing the annular sp^t between 
the housing and tubing above and below said 
15 ports, said housing having an inicn^ flow 
channel extending upwardly from us side port 
and a sepaiaie inicroal flow channel for 
ward fluid flow from beneath tiie device, each 
of said channels communicating with a common 
20 fluid passageway leadmg to the well tubing, a 
resilient chedt valve member in each of said 
dianaels for preventing downvrard fluid flow 
therein, and choke means in at least ope at 
said diannels for reducing pressure of flmd 

25 flowing theretbrough. 

2 A wdl flowing assemWy for flow of fluids 

front a plurality of production fonnauons 
^ch assembly comprises a wdl tubing havmg 
a side pociet mandrel adjacent an upper fomia- 
30 tion, said mandrel having a port for flow of 
formation fluid into hs side pocket, a housmg 
positioned in the side pocket and having a 
ode port and a communicating imemal flow 
channel extending through the housing, padc- 
35 ing means between the side podcet and the 
housmg above and below said ports, a resilient 
chedc valve member in said channel for pr&- 
venting badAow of fluid toward the formation, 
a choke m said channel, and a second resDient 
40 check valve member in the well tubing beneath 
said mandrel for preventing backflow of fluid 
toward a lower formation. r « • j 

3. A well flowing assembly for flow of fluids 
from a pluraUty of production formations 
45 which assembly comprises a vireil tubmg havmg 
a side podkst mandrel adjacent an un«r 
formation and another side pocket mandr^^ 
adjacent a lower fonnation, each of said 
mandrels having a pon for entrance of forma- 
50 tion fluid into its side pocket, a housmg posi- 
tioned in each of said side pockets and having 
a side port and a communicating Internal flow 
channel extending through the housing, pac- 
ing means between each side pocket and hous- 
55 ing above and below said ports, a resdicnt 
check valve member in eadi of said channels 
for preventing backflow of fluid xp a formauon, 
and a choke m at least one of said diwmcls. 
4. Metiiod of produdng a well wtadx has 
60 been compkted for production from a plurality 
of zones containing fluids under different 
pressures, said well having a wdl tubmg con- 
taining entrance ports adjacent all of the zones, 
which comprises providing whhin die well 
65 tubing a flow channel for fluid from a zone 



of relatively high pressure and a separate flow 
channel for fluid from a zone of relatively low 
pressure, said channels communicating with a 
common fluid passageway, flowing a streaoQ 
of fluid from the zone of high pressure toward 70 
said common passageveay, reducing the pressure 
of the fluid ahead of said passageway to a 
value less dian that of tiie low pressure zone, 
whereby a stream of fluid is caused to flow 
ftom sucii low pressure zone toward said 75 
common passageway, mixmg said streams m 
the common passageway and withdrawmg the 
mature from the wclL , ...^ ,t 

5. Mctiiod according to Qaun 4 additionaUy 
comprising controlling the rate of flow from 80 

- iJiefow pressure zone by regulating the flowing 
pressure of said mixture at the locus of witH- 
drawal from the well. 

6. Method of producing a weU travcrsmg 
two oil zones one of which has sufficient prcs- 85 
sure normally to flow from the well and the 
ether of which has insufficient pressure norm- 
ally to pennit the desired rate of flow there- 
from, said well having a well tubing containing 
entrance ports adjacent botii zones, which 90 
comorises providing vrithhi the well tubing a 
flow' channel from one of said zones and a 
separate flow channel from the other, said flow 
channels communicating with a commcm fluid 
passageway adjacent the upper zone, flowing 95 
oil from the high pressure zone toward said 
common passageway, redudng the pressure of 
the flowing oil ahead of such passageway to a 
value less than that of the h3W pressure zon^ 
whereby solution gas is released from hquid 100 
phase, flowmg ofl from the low pressure zone 
into said passageway and therein admixmg the 
same witii die fluid from die high pressitfe 
zone, and utilizing the lifting acoon of the 
released gas to flow the suxture up the tubmg 105 
and from the wdL _ . ^ ^ . u 

7. Method according to Qaim 6 additionaUy 
comprising controlling the rate of flow from 
the low pressure zone by regulating the flow- 
mg pressure of said mixture at die locus of 110 
withdrawal from the well* 

8. Atohod of producing a well traverang a 
hi^ pressure gas zone and an oil zone whidi 
has insuffidem pressure normally to permit the 
dcamd rate of flow therefrom, said well having 115 
a well tubing comaining entrance ports adja- 
cent bodi zones, which comprises providing 
vnshm the well tubing a flow channel from one 
of said zones and a separate flow channel from 
tije other, said flow channels communicatmg 120 
with a coinmon fluid passageway adjacent the 
upper zone, flowing gas from the gas zone to- 
ward said common passageway, reducmg the 
pressure of the gas ahead of such passageway 
to a value less than diar of the low pressure 125 
zone, whereby oil flows from the oil zone into 
said passageway, and utilizing the lifting action 
of the gas to flow the oil up the tubing and 
from the welL 

9. Method for produang a wdl from an 
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upper zone having a pressure insufficient to 
permit the desired rate erf fluid flow therefrom 
and a lower zone of high pressure in a cased 
weu having a packer positioned between the 
two 2(mtt in the anmilus between the casing 
and well tubing and having an entrance port 
m tubing adjacent the upper zone which 
meuiod comprises providing a one-way channel 
from said port to a common fluid passageway 
m the tubing, flowmg fluid from the lower zone 
up the tubing toward said common passage- 
way, throtding such flowing fluid ahead of 
said passageway to regulate its rate of flow, 
whereby the pressure of such fluid is reduced 
10 a value intermediate the pressures of said 
zone, ahcmarively introducing and wididraw- 
ing ps under pressure to the top of said 
fflumlus, whereby fluid in said annulus from 
the upper formation is intermittently forced 
through said one-way diannel into said 
common passageway, and withdrawing the 
resultmg fluid mixture from tbe top of the 
tubing. ^ 

10. A well assembly for producing a well 
from an \^per zone of low pressure and from 
a lower zone of high pressure which comprises 
a casmg perforated to permit flow from said 
zones, a well tubing within the casing having 
a flow port adjacent the iq>per zone, a packer 
posiuoned between the two zones in the annulus 
between the casing and tubing, means in the 
tubing adjacent the upper zone providing a 
one-way channel from said flow port to a 
conunon fluid passageway in the tubing, means 
« providing a separate diannel for 
fluid flow from tbe lower zone to said common 
Passageway, means for reducing the pressure 
of the fluid from the lower zone ahead of the 
passageway, and means for alternately intro- 
duong and wididrawing gas into the top of 
said anuuhjs to imetmittentiy force fluid from 
the annulus through said flow port 

11. Method of producing a well from two 
zones having different pressures each insuffi- 
acnt to cause flow from the well at the desired 
rat^ E^d wdl having a casing perforated at 
each of said zones and a tubing containing 
emrwicc ports adjacent each of die z^ 
which comprises providing within the well 
mbmg a flow channel for fluid from 
one of the zones and a separate flow 
channel for fluid from the odier zonei 
said channels communicaling with a com- 
mon fluid passageway, flowing fluid from 
the zone of higher pressure toward said 
common passageway^ reducing the pressure of 
the flmd ahead of said passageway to a value 
less than that of the low pressure zone, whereby 
a stream of fluid is caused to flow from such 
low pressure zone toward said common passage- 
way, mnong said streams m the common 
passageway and flowing the mixture upwardly 
m the tubmg, mtrodudng gas in die annulus 
between the casing and tubing and injecting the 
sanae mto said mixture in the tubing, thereby 



lifting the mixture up the tubing and from 
the well. 

12. A well flowing assembly for producing 
a well from two zones having different pressures 
which comprises a casmg perforated ^ said 
zones, a tubing within the casmg containing 
entrance ports adjacent said zones, means 
vmhm the tubine formmg sq)arate flow 
channels from said entrance ports leading to 
a common fluid passageway, resilicat cheds 
valve means in each of said channels to prevent 
backflow to the formations, and means for 
tiirotding the fluid in the channel from the 
formauon of higher pressure ahead of said 
passageway to reduce its pressure to a value 
lowo: than that of the lower pressure formation. 

13. A well flowing assembly for producing 
a well frtnn two zones having different 
pressures each insufficient to cause flow from 
die well at the desired rate which conmrises a 
<^ing perforated at said zones, a tubing witiiin 
the casing containing entrance ports adjacent 
said zones, means within the tubing fonning 
sqiarate flow channels from said entrance ports 
leading to a common fluid passageway, resili- 
ent check valve means in each of said channds 
to prevent backflow to the formations, means 
for throtding the fluid in the channel from the 
formation of higher pressure ahead of said 
passageway to reduce its pressure to a value 
lower than that of the lower pressure formation, 
rneans for introducing gas under pressure imo 
the annulus between die tubing and casing, and 
means for injecting such gas into the tubing 
above said separate flow channds. 

14. A device adapted to be positioned in 
well tubmg adjacent a side inlet port therdn 
for controUmg flow of fluids into the tubing 
from a plurality of formations which com- 
poses a housing, means carried by tiic housing 
for rctncvably loddng die device adjacent said 
mlet port m die tubing, packing means for 
dosmg the annular space between die housing 
and tubing above and bebw said inlet port, a 
port m the housing adapted to cooperate widi 
said tubmg pot to pennit fluid flow from a 
tormaoon, baffle means within the housing 
formmg a flow diannel extending upwardly 
from said hommg port and a separate flow 
^annd for fluid flowing upwardly from 
beneath the housmg, said channels terminating 
m choke porta positioned adjacent to ea^ 
otfio^ and rwdient cheds valve means posi- 
aoned in ^di of said diannds to prevent 
downward flow therein. 

, Ji^<K^- ^^^^^ *^P^ ^° positioned in 
weU tubmg adjaccM an inlet port therein for 
comiolhng flow of fluids into tiie tub^ frS 
a plurahty of formations construaed and 
arran^d to operate siibstantiaUy as hcrdn 125 

^^l^^^i^"^"^ S.^'Suw 1 or Figures 
^3 iJ« and 3— 6, or Figures 7 and 8. or 
" "^^^ °* accoapanii; 
16. A mediod of producing a wdl which 130 



70 



75 



80 



85 



90 



95 



100 



105 



110 



115 



120 



851,096 



h8s beea completed for pioducdoa from a ing drawings. 

plurality of ames coaaining fluiite untor mOJB & FARKER, 

x-wuawu J copies may be bbtamed 



851.096 COMPLETE SPECIFICATION 

S SHEirS xhts 4nm\ng h a nproducOon of 
the Original on o reduced scale/ 
SHEET f 





i 



851,096 COMPLETE SPECIFICATION 

5 SH££TS 77,/, drawing fs a reproduction of 
the Original on a rtduced sca/e. 
SH££75 2 & 3 




851096 COMPLETE SPECIFICATION 

S SHEETS ^rcw}ng ts a reproduction of 

the Orlglnai on a reduced scoie. 
SHEETS 4 It S 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SfflES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
^P'J^FERENCECS) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



